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Figure S1: Particle size distribution of Ir/TiON,/C.
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Figure S2: Particle size distribution of [r/CuTiON,/C.

Figure S3: STEM-ADF and EDS mapping of an Ir particle covered by Cu in a core-shell
fashion. The particle sits on the TiONy support.



Figure S4. STEM ADF and BF images of an Ir-Cu core-shell particle resting on the TiONy
support.
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Figure S5: a, b, c) STEM ADF images of support CuTiON,/C prior to Ir nanoparticles
deposition and d, €) EDS mapping of Cu (green) and Ti (yellow).



Figure S6. STEM-ADF and EDS mapping of several Ir particles covered by Cu in a core-
shell fashion. Most of the Ir@Cu particles rest on the TiONy support.
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Figure S7. STEM-ADF and BF imaging of the distribution of particles over the support in
three different regions and magnifications. ADF and BF images (a, d) correspond to the EDS
mapping area from Figure S6. By inspecting both the Z contrast and BF images it is possible
to distinguish the TiONy support, as confirmed by EDS mapping. In the second set of images
(b, e), only a small proportion of particles that lay outside of the TION support are identified.
A larger field of view is displayed in the third pair of images (c, f) revealing a distribution of

particles with a tendency to attach to the TION, support.
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Figure S8: Cu 2p XPS spectra of Ir/CuTiON,/C before the electrochemical experiment.
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Figure S9: Electrochemical protocol and simultaneous dissolution of iridium, titanium and

copper; dissolution plotted on a linear scale.

Table S1: Relative loss of Ir, Ti and Cu after each phase of the electrochemical experiment in
Ir/TiON,/C and Ir/CuTiON,/C.

Metal  Sample Contact peak  Activation  Stability Activity
[l [o] [o] [o]
Ir Ir/TiON,/C 0.117+0.007 2.7+0.2 0.42 +0.04 0.041 + 0.002
Ir/CuTiON,/C  0.18 £0.03 29+04 0.43 +0.07 0.044 + 0.008
Ti Ir/TiON,/C 22+0.2 6.9=+0.7 09+0.1 0.19+0.02
Ir/CuTiON,/C 2.6 £0.2 4.3+0.6 1.3+0.1 0.2 +0.01
Cu Ir/CuTiON,/C 6547 9+2 0.29 +0.09 0.02 £0.01




Figure S10: IL-STEM ADF images of two different locations of Ir/TiON,/C; before (left) and
after (right) activation with 100 cycles, 300 mV/s in the potential range 0.05-1.45 V.



Figure S11: IL-STEM ADF images of two different locations of Ir/CuTiON,/C; before (left)
and after (right) activation with 100 cycles, 300 mV/s in the potential range 0.05-1.45 V.

Figure S12: Modifications of the amorphous layer under electron beam (Beam exposure: dose
per image 66700 eA2?)



Figure S13: IL-STEM ADF images of [r/CuTiON,/C before (left) and after (right) activation
with the formation of single atoms.



Table S2: Comparison of mass activities with the Ir-Cu mixed oxides reported in the
literature.

Sample Mass Activity vs. Overpotential Tafel slope
RHE [mA mg'] [mV] [mV dec!]
Ir/TiON,/C 626 + 49 280 583+0.3
It/CuTiON,/C 840 + 33 280 58.0+0.9
Cuy 11Ir nanocages! 73 280 43.8
CUO.311'0.7O*2 50 350 63
II‘().SQCU()_H HO-Ilp3 140 250 52
IrNiCu DNF/C* 460 300 /
Co-IrCu ONC/C? 640 300 /
TiONx-1h-Ir® 360.9 320 60
TiONx-3h-Ir¢ 520 320 /
TiONx-6h-Ir® 369.5 320 /
TiOy(P25)N,-Ir® 143.9 320 71
Ir-ND/ATO’ 69.8 280 56.4
IrNiO,3 676 300 /
IrOx?® 325 300 /
1 . 1
Ir/TION,/C
150 L I/CuTiON,/C i

E vs. RHE /V

1.45 |

1 1 1 1 1 1 1 1 1 1
2 3

log j,./ mA mg’

Figure S14: Tafel plots of samples Ir/TiON,/C and Ir/CuTiON,/C.
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Figure S15: Integrated peak for charge normalization
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Figure S16: Charge normalized activity of Ir/TiON,/C and Ir/CuTiON,/C.
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